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Abstract-This paper examines both flexural and shear behaviour of eight full-scale (2700×160×100-mm) reinforced concrete rectangular beams subjected to one-third point load. Two types of beams were investigated; Type-E and Type-C. Type-E are reinforced concrete rectangular beams strengthened externally by 1.5mm thick structural steel plate glued to the tensile face with epoxy as adhesive while type-C are reinforced concrete rectangular beams without structural steel plate glued to the tensile face. An average concrete strength of 30N/mm 2 at 28 days was used. Required internal reinforcement according to BS 8110-1:1997 was provided for the concrete rectangular beams. Before the beams were externally strengthened, the beam surface to be plated was gritted to take off the cement membrane and to open up the aggregates. Epoxy adhesive was applied as a paste to both the plate and concrete surfaces: the two surfaces were then put together and held in place under pressure of 3.84kN/m 2 until the glue was cured. The beams were subjected to flexural testing after 28 days, using loading frame. Each of the rectangular beams support at both ends were subjected to onethird point load, deflection readings were recorded using a dial gauge at every 1.82kN increment. At ultimate load, the beams failed by a crack initiated at the bottom fiber of the beams. From the test results, an average flexural and shear strengths of Type-C beams are; 21.91N/mm 2 and 1.05N/mm 2 respectively, while type-E beams are; 28.91N/mm 2 and 1.39N/mm 2 respectively. The results of the investigation showed that flexural and shear strengths of reinforced concrete rectangular beam increased when strengthened externally by bonded steel plate. A straightforward analytical procedure was developed to validate the experiment results of type-E and type-C beams, using rectangular stress block for concrete. Experimental average failure load for beams Type-C and Type-E are 22.44kN and 29.60kN respectively while theoretical failure load for Type-C and Type-E beams are 20.86kNand 31.2kN respectively. Generally, there were acceptably fair correlations between analytical and experimental failure loads of Type-C and Type-E beams.
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I. INTRODUCTION
A considerable number of existing civil engineering structures are in urgent need of upgrading in some old cities. The rate of dilapidation in civil engineering structures due to structural failures is of great concern to both developed and underdeveloped cities. Civil engineering structures with reduced/reducing flexural resistance are expensive to pull down and rebuild, and so, the need for an economically friendly means of upgrading these existing but failing civil engineering structures becomes inevitable. One of the strengthening methods is the use of steel plates bonded to the bottom fiber (tensile face) of reinforced concrete beams using epoxy as adhesive. This method is already in existence has been researched comprehensively as a means of strengthening concrete structures. Results from researches have shown that this procedure is a useful method of improving flexural resistance [1] .
Strengthening encompasses upgrading of already constructed structural members to resist greater ultimate moment forces. With the production of epoxy glue in the past, bonding steel plates externally to the bottom fiber of reinforced concrete rectangular beams have provided evidence for better flexural resistance of structural member: such externally bonded steel plates complement the internal reinforcement area and they are more in force in terms of bending strength than internal reinforcement, reasons, the external steel plates are situated at the maximum dimension from the neutral axis of the stress block of concrete section.
The method of gluing steel plates to the bottom fiber offers a variety of benefits when measured up with other bonding procedures and as such has been employed to a great extent in practice for civil engineering structures in some countries [2] .
Strengthening job can be done with ease while the civil engineering structure is in use. The procedure causes minor alterations in the structural member sizes and weight. The first experimental research on plate bonding into civil engineering structures to enhance structural performance were those carried out in France and South Africa. Since then the technique has been used widely in various parts of the world for bridges as well as for buildings in countries like-Switzerland, Japan, Poland, Belgium, and the United Kingdom. It has been used on concrete surfaces in the tension zone, compression zone and shear zone [5] .
Research works on structural performance of steel-plate bonded beams are reported by [3] , Moloney, G. F. K. (1986), [4] , Willem et al., (1997), [6] , Mays, G.C. (1985), [7] , [2] , [8] , [9] , [10] , [11] . There exist papers which focused on external reinforcement based on fibre reinforced polymers ( FRP) composites for strengthening, reinforced concrete beams and timber beams to increase their bending moment resistance. The usage of FRP composite external reinforcement is very often applied for strengthening concrete structures, because of suitable FRP material parameters in comparison with those of concrete, [19] having proposed a universal design model for reinforced concrete in flexure [20] , the method was used to investigate externally reinforced timber beams with carbon fibre reinforced polymer (CFRP) with striking results [21] .
Here it was strongly recommended that the method be extended to externally strengthen reinforced concrete using steel plates and rods which has an existing method of application as at the period. This paper presents findings on the structural performance of full scale reinforced concrete rectangular beams with steel plates glued to the bottom fiber as external reinforcement in the laboratory, and a developed formulated analytical model for the structural response and mode of failure related with such civil engineering structures deferent from that recommended in [21] .
II. RESEARCH PROGRAMME
Eight reinforced rectangular beams were tested. Two types of beams were investigated; Type-E and Type-C. Type-E are reinforced concrete rectangular beams strengthened externally by 1.5mm thick structural steel plate glued to the tensile face with epoxy as adhesive while Type-C are reinforced concrete rectangular beams without steel plates glued to the tensile face. All the beams were (2700×160×100-mm). The Eight rectangular beams were reinforced with 2Y10 at tensile zone and 2Y8 compressive zone. They were linked with Y6 bar at 80mm spacing. Each of the rectangular beams support at both ends were subjected to one-third point lead over a length of 2.50m.
A. Construction of test specimens
Form-works were constructed with timber in the Civil Engineering laboratory of the Niger Delta University. The targeted concrete strength was 30N/mm 2
B. Materials Coarse Aggregate
Crushed granite with a maximum size was 12.7mm. from Ore Ondo State Nigeria was used the grading and properties of the coarse aggregate conformed to BS 882:1992 [22] . This grade of coarse aggregate was adopted because to allow for adequate and even compaction of concrete in the samples.
1) Fine Aggregate
Fine aggregate used had grading properties conforming to BS 882:1992 [22] and was sourced from Amassoma river in Wilberforce Island, Nigeria.
2) Cement
Ordinary Portland Limestone Cement manufactured by Dangote Cement Company was used. It conformed to BS 12:1996 [23] .
3) Water
As specified by BS 3148:1980 [24] , portable water sourced from the university was used.
4) Timber
Form-works were constructed with timber in the Civil Engineering laboratory in Niger Delta University Complying with BS 1881-109:1983 [25], [27] .
5) Steel Reinforcement
As specified by BS 8110 -1:1997 [26] , 2Y10 were provided at tensile zone and 2Y8 at compressive zone. They were linked with R4 bar at 80mm spacing as shown in Fig.  1 . 
C. Preparation of Concrete
Concrete-mixing machine was used for mixing the wet concrete, which was batched by weight. A weighted amount of cement, sand, coarse aggregate and water of the specified ratio were put into the mixer, mixing was then carried out until an even mix was achieved.
D. Curing
The beam samples were de-moulded 24hrs after production and were completely immersed in water (these beams were instrumented for deflection and load measurement at age 28 days. Cube specimens were tested at ages 7, 14 and 28 days respectively
E. Identification
The reinforced concrete rectangular beam samples were labelled Type-E and Type-C. Type-E are reinforced concrete rectangular beams strengthened externally by 1.5mm thick structural steel plate glued to the tensile face with epoxy as adhesive while Type-C are reinforced concrete rectangular beams without structural steel plate glued to the tensile face. Fig. 1 to 3 show the construction of the beam samples. 
F. Strengthening procedure 1) Preparation of Test Specimens
Before the beams were externally strengthened, the beams surface to be plated was gritted to take off the cement membrane and to open up the aggregates. The surface was then thoroughly cleaned of debris. Also, the steel plate was properly treated to obtain a clean surface.
2) Bonding of the External Plate
After mixing of the two components of epoxy until a solid green mass was obtained: the adhesive was applied as a paste to both the plate and concrete surfaces: the two surfaces were then put together and held in place under pressure until the glue got cured. A minimum of 14 days was allowed between plating and testing.
G. Loading Test Frame
The loading of the beams was done with a reactant frame consist of threaded circular-stanchions and steel beam. The stanchions were fixed to the floor slab. The picture of the reactant frame is displayed in Fig. 3 . As displayed in the figure, a 50-tonne proving ring was placed between hydraulic loading jack and the steel beam. The jack is coupled with hydraulic pump with the capability of generating a load. Fig. 4 shows schematic of test set up.
Fig. 4. Schematic of Test Setup

H. Testing of flexural beam specimens
Eight reinforced concrete beam specimens were cast as part of the study. The beams were subjected to flexural testing over a span of 2500 mm at one-third point load application, in a reactant frame designed, built and installed in the Civil Engineering department of the Niger Delta University. Dial gauges were attached to the bottom of the beams. The beams were increasingly loaded by means of a jack for 1.82kN increment all through the tests. The deflection of the beam measuring (2500x160x100-mm) corresponding to every 1.82kN load increment was measured using dial gauges. The load was gradually increased, until the ultimate failure load was reached. This was done for all reinforced concrete beam specimens at 28 days of curing.
I. Analytical Procedure
A straightforward analytical model was developed to calculate the failure load of Type-E and Type-C beams, using rectangular stress block for concrete compressive stress. Few assumptions were considered in the process: sections that are plane before bending does not change (remain plane) after bending, tensile strength of concrete and factors of safety were neglected. Type-C and Type-E beams cross section can be pictorially shown in Fig. 5 and 6 respectively. The bending resistance Mu from Fig. 3 and 4 , can be determine as follows:
Equating (1) 
Reinforced beam support at both ends, loaded at one-third points, the failure load can be calculated as, 
Taking moments about the centroid of the Compression steel
Reinforced beam support at both ends, loaded at one-third points, the failure load can be calculated as, , An extensive record on the strength, deflection, and failure descriptions, of Type-E and Type-C beams were obtained from the experimental program, but only the relevant results are described in this study.
A. Failure loads of the Test Beams
The experimental failure loads are given in Table I . The theoretical failure loads, were calculated on the basis of the un-cracked, transformed Type-E and Type-C section using Equations 1, 2 3,4,5 and 6. For the Type-C beams, the experimental failure load was 1.1 times the theoretical value. For the Type-E beams, this value was on average 1.12. These results indicate the restraining effect of the glue and plate on failure load. The variation of failure load with both Type-E and Type-C is shown in Table V . The failure load for the Type-E beams is seen to be well above that of the Type-C beams. 
B. Flexural and Shear Strength of the Test Beams
From Table I, II and III, a considerable number of Type-E beams function meaningfully better than Type-C, in terms of flexure and shear strength. Noticeably the capacity of Type-E beams is promoted by the initial stiffness of the concrete beams and the amount and type of steel plate. In general, using externally bonded plate improved both the postcracking stiffness and ultimate load carrying capacity significantly. 
C. Effect of Type-E on Composite Action
One of the principal structural requirements of the glued plate method, if it is to be a successful structural repair method, is that it should preserve composite action amongst the glue, concrete and plate until member failure. Stiffening effect was able to reduce all structural deformations until failure. In general, the flexural rigidity of the Type-E beams was higher than the Type-C beams at the initial cracking stage, Table III . Fig. 7 and 8 show load deformation of Type-E and Type-C beams. i. Gluing steel plates to reinforced concrete rectangular beams to increase the flexural stiffness, minimize cracking and member deflections and also improve both ultimate flexural and shear performance.
ii. In general, external reinforcement generally perfects the cracking performance by decreasing the crack breadths and the number. iii.
The ultimate flexural and shear resistance of the Type-E beams increased up to 24% over Type-C beams. iv.
The developed analytical procedure is straightforward and had effectively determine the failure loads of the test Type-E and Type C beams.
